This study quantified the aboveground biomass and nutrient contents in terrestrial bromeliads in a dune forest at Restinga da Marambaia, RJ. Data of individuals in "quadrats" (4 m 2 ) marked on a line perpendicular to the sea were collected in August 2001. Diameter (d) and height (h) were the variables that best correlated with the biomass of Quesnelia quesneliana, which presented highest biomass and concentrations of K. The total number of leaves was the variable that best correlated with the biomass of Billbergia amoena and Neoregelia cruenta. N. cruenta presented the highest concentrations of N and P. Nutrient contents were higher in Q. quesneliana. Palavras-chave: biomassa aérea, Mata Atlântica, planície arenosa costeira.
INTRODUCTION
The essential elements pass cyclically through different ecosystem compartments such as soil and plants biomass. This compartiment, due to the large net primary productivity in tropical forests, store the most part of nutrients (Golley et al., 1978) , which means standing alive aboveground biomass of trees and shrubs, belowground biomass is composed of root and dead aboveground biomass, which is in turn composed by litter and fallen trunks (Araújo et al., 1999) . Estimates regarding this reservoir contribute to the knowledge of the tropical forest ecosystems functioning (Delitti, 1995) .
The aboveground biomass may be estimated indirectly by means of regression equations that correlate different allometric variables, such as height and diameter, which are easily measured, with the biomass of plant samples (Araújo et al., 1999) . In the Atlantic Forest, this method was employed in the State of Rio de Janeiro for the bromeliad Aechmea nudicaulis (L.) Griseb and palm Allagoptera arenaria (Gomes) O. Kuntze in Restinga de Cabiúnas (Hay et al., 1982) and again for Allagoptera arenaria in Restinga da Marambaia (Menezes & Araujo, 2000) ; in the State of São Paulo, for a temporarily flooded Restinga Forest, Lowland, Submontane and Montane Rain Forest (Alves et al., 2010) .
In the Atlantic Forest biome, the direct method for estimating biomass was employed in the State of São Paulo at Semidecidual Riparian Forest (Moreira- Burger & Delitti, 1999) , Rain Forest (Burger & Delitti, 2008) and Restinga Forest (Moreira- Burger & Delitti, 2010) ; in the State of Rio de Janeiro for Clusia hilariana Schltdl. at Restinga de Jurubatiba National Park (Dias et al., 2006) and in the State of Paraná at Submontane, Lowland and Foodplain Forests (Tiepolo et al., 2002) . Despite the relatively small size of the sampling area and the possibility to extrapolate the average results found to a larger area and similar ecosystems, this method demands the destruction of large amounts of plants and therefore is onerous, quite laborious and has legal restrictions due to cutting the vegetation (Araújo et al., 1999; Moreira-Burger & Delitti, 2010) .
Canopy trees are the most important components for biomass estimates in tropical forest ecosystems, since they receive the highest levels of solar radiation and therefore reflect in large biomass increment (Moreira- Burger & Delitti, 1999) . However, these same authors verified that other forms of plant may be also important when it comes to plant communities characterized by an open canopy and a dense plant layer colonizing the forest floor. This is the case of the Atlantic Forest, where epiphytes, lianas, bamboo, palms and tree ferns have a relevant biomass contribution (Vieira et al., 2008) . In several plant communities at sandy coastal plains, named as Restingas, the biomass estimation may be focused in terrestrial bromeliads, which are important components that form a dense herbaceous layer almost impenetrable in these ecosystems (Henriques et al., 1986; Araujo et al., 1998) .
Rosette-forming bromeliad species have a distinct 'tank' for water storage and nutrient acquisition from atmosphere (González et al., 2011) , thus these plants contribute to the increasing diversity of habitats, as seen at Restinga da Marambaia (Cogliatti-Carvalho et al., 2001) . These plants also improve the soil fertility by litter (Pereira et al., 2005) , which has relatively high concentrations of nutrients (Hsu et al., 2002; Oliveira, 2004) . Thus, bromeliads may be considered keystone species in ecosystems.
Bromeliads are typically epiphytes in Atlantic Rain Forest, whereas they are usually terrestrial in Restingas (Scarano, 2009) . At this later ecosystem, the ecological importance of bromeliads is still higher, due to the restriction of water (Freitas et al., 2000; van Sluys et al., 2004) and the sandy soil generally poor in nutrients (Hay & Lacerda, 1984; Moraes et al., 1999; Assis et al., 2011) . Therefore, bromeliads act as nurse plants facilitating the regeneration of other plant species (Correia et al., 2010) and also may contribute to the survival of several species of amphibians (Teixeira et al., 2002) , lizards (Carvalho & Araujo, 2007) and invertebrates (Favretto et al., 2011) .
In general, there are few studies focused in nutrient cycling at Restingas (Moraes et al., 1999; Pires et al., 2006; Paula et al., 2009; Pereira et al., 2012) and until this moment there are no data on the contribution of terrestrial bromeliads for biomass and nutrients stock at these ecosystems. Therefore, such studies contribute to the understanding of nutrient dynamics and energy flow in these ecosystems, in terms of developing measures for their conservation. This study aimed to estimate the aboveground biomass and nutrient contents of terrestrial bromeliads in the dune forest at Restinga da Marambaia, RJ. (Roncarati & Menezes, 2005) . The region macroclimate is classified as Aw -Tropical rainy (Köppen, 1948) . The average annual air temperature is 23.7 °C, with February and August presenting the highest and lowest average temperatures of the year, 26.8 °C and 20.9 °C respectively (Mattos, 2005) . The average annual rainfall is 1239.7 mm, mostly (37%) concentrated from November to March (rainy season) and the minority (15%) between July and August (dry season) (Mattos, 2005) .
MATERIAL AND METHODS

Study area
This study was conducted in the dune forest, which is located at the east end of Marambaia, under the coordinates 23º 03' S; 43º 36' W, approximately 800 m and 300 m distant from the ocean and Sepetiba Bay, respectively. This forest has approximately 527 ha and occurs on top of one single dune with approximately 30 m height. The soil is classified as Quartzipsamment . Although the area is under great water saturation influence, there are no wetlands and the forest floor has an organic material layer of approximately 15 cm thickness (Menezes & Araujo, 2000) .
The forest canopy has an average height of 8 m on the slope facing the ocean, and average height of 15 m on the slope facing the Bay of Sepetiba. In this forest were identified 53 tree species, distributed in 42 genera from 25 families. The forest canopy allows the passage of enough sunlight to form a dense herbaceous layer on the forest floor dominated by bromeliads, with a predominance of Billbergia amoena (Lodd.) Lindl., Neoregelia cruenta (Graham) LB Sm and Quesnelia quesneliana (Brongn.) LB Sm (LFT Menezes, unpublished data). Epiphytes are underrepresented in the area .
Aboveground biomass
The present study considered 30 individuals of each Neoregelia cruenta, Billbergia amoena and Quesnelia quesneliana bromeliad species that protruded from 10 "quadrats" (4 m 2 ) marked on a line perpendicular to the sea, extended side by side across the dune. The allometric variables evaluated were: height (H, cm), considered as the distance between the highest point of the plant and the soil surface; rosettes diameter (D, cm); number of green leaves (GL), dead leaves (DL) and total number of leaves (TL, LL + DL). Then, the total aboveground structures of these plants (leaves, inflorescences and infructescences) was collected, cleaned, stored in paper bags for drying in an oven (80 °C, 72 h) and weighed to obtain dry weight (DW). 
Nutrient concentrations and contents
Nutrient concentrations and contents were determined in three individuals of each species. The aboveground biomass was ground in an electric Willey mill and subjected to sulfuric acid digestion to determine the average concentrations (g 100 g -1 ) of N, P and K in the obtained extract (Tedesco et al., 1995) . The average content (kg ha -1 ) of nutrients was calculated by multiplying the average concentration of the respective nutrient by the total aboveground biomass of each bromeliad species.
RESULTS AND DISCUSSION
Aboveground biomass
In the forest dune of Restinga da Marambaia we sampled 121, 158 and 171 individuals of Quesnelia quesneliana, Neoregelia cruenta and Billbergia amoena, respectively, a total of 450 individuals. The average values of all allometric variables varied widely among the species of bromeliads (Table 1) .
The average height of Neoregelia cruenta and Quesnelia quesneliana was practically the same, which was 1.3 times higher than that observed for Billbergia amoena. Neoregelia cruenta presented an average diameter 1.5 and 2.2 times higher than Quesnelia quesneliana and Billbergia amoena, respectively. A similar pattern occurred for dry mass, which was 3.3 and 5.9 times higher in Neoregelia cruenta than in Quesnelia quesneliana and Billbergia amoena, respectively (Table 1) .
Moreover, in Quesnelia quesneliana the average number of green and dead leaves was approximately twice than the verified to the other species, which reflected a higher total number of leaves in Quesnelia quesneliana. Practically all of the aboveground biomass of bromeliads consisted of leaves. Consequently, Quesnelia quesneliana presented the highest total aboveground biomass, which was 1.7 and 12.3 times higher than that observed for Neoregelia cruenta and Billbergia amoena, respectively (Table 1 ). In the latter we observed the lowest value of aboveground biomass as a function of the lowest average values for all allometric variables, when compared with other species. The values of total aboveground biomass of each terrestrial bromeliads species in the dune forest at Restinga da Marambaia were lower than that observed for the terrestrial bromeliad Neoglaziovia variegata (Arr Cam) Mez., which value (1.413 kg ha -1 ) was 2.7 times higher than for the rest of the community of herbaceous plants found in an area of dense and preserved Caatinga in the State of Pernambuco (Albuquerque & Bandeira, 1995) .
Total number of leaves, which ranged from 8 to 27, was the variable that best correlated with the aboveground biomass of Billbergia amoena (r 2 = 0.81*) in terms of the linear equation y = 1.2858x -1.1614 (y = aboveground biomass; x = total number of leaves). This same pattern was observed for Neoregelia cruenta: total number of leaves, which ranged from 12 to 34, was also the variable that best correlated with biomass (r 2 = 0.88*), and the linear equation was y = 8.6947x -79.364 (y = aboveground biomass; x = total number of leaves). Regarding Quesnelia quesneliana, diameter (d), which ranged from 24 to 143 cm, and height (h), which ranged from 27 to 115 cm, were those variables that best correlated with biomass (r 2 = 0.81*), expressed by the equation y = 0.0002 x + 23.153 (y = aboveground biomass; x = d 2 x h) ( Table 1) .
Depending on the ecosystem and the aims of the study, different allometric variables may be employed as predictors of plant biomass: canopy diameter, basal diameter, or diameter at breast height (DBH); trunk basal perimeter; height; and wood density (Moreira- Burger & Delitti, 1999; Vieira et al., 2008) . However, there may be differences among them regarding to the correlation with the biomass. The height presented the best correlation with the biomass of Aechmea nudicaulis (L.) Griseb at Restinga de Cabiúnas, in the State of Rio de Janeiro, probably due to the architecture of this bromeliad, overlapping leaves that remind the shape of a "tulip", causing a higher increase in height than in diameter of the plant (Hay et al., 1982) . The authors of the former work verified that for Allagoptera arenaria (Gomes) O. Kuntze the diameter of the crown was the variable that best correlated with the biomass of this palm.
The crown diameter was the variable used in mathematical models to estimate the biomass of Allagoptera arenaria at Restinga da Marambaia, which value increased within the distance from the sea (Menezes & Araujo, 2000) . In a Low Restinga Forest, DBH was the variable that generated the most appropriate mathematical model for estimating the biomass of 29 of the 30 tree species studied, while the height was the most suitable variable for estimates the biomass of Syagrus romanzoffiana, a palm species (Alves et al., 2010) . In Tropical Rain Forest in the State of São Paulo, the equation that considered only the height was the least adequate among prediction models obtained to estimate the aboveground biomass, in comparison with the models that considered the product between the square of the diameter and the height or only the diameter (Burger & Delitti, 2008) . According to the former work authors, when the model requires only the diameter to estimate biomass is an advantage because this variable is easily measured and less subjected to sampling errors.
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Some studies indicated that the aboveground biomass varies according to the forest type in the Atlantic Rain Forest. In this case, it was observed that a Submontane Rain Forest exhibited higher biomass due to the advanced stage of succession, in comparison with to Lowland Forests and these to Floodplain Forests (Tiepolo et al., 2002) . Moreover, Restinga forests, such as those temporarily flooded, have lower biomass than Lowland, Submontane and Montane Forests due to the combination of several factors: more sandy and lower soil fertility, and increased anthropogenic disturbance in Restingas, when compared to the other forests (Alves et al., 2010) .
Nutrient concentrations and contents
The concentration of nutrients in the aboveground biomass of Neoregelia cruenta and Quesnelia quesneliana followed the descending order: K> N> P (Table 2) . Probably K was the nutrient with the highest concentration in the biomass of these bromeliads due to high input of marine spray, which favors the accumulation of K in leaves of plants growing in Restinga (Hay & Lacerda, 1984) .
These results corroborated with those obtained for the aboveground biomass of epiphytes in a tropical forest in Costa Rica (Nadkarni, 1984) . This same sequence occurred in litter of epiphytic bromeliads in a well-preserved fragment of Tropical Rain Forest in the State of Rio de Janeiro (Oliveira, 2004) . On the other hand, the sequence of nutrient concentrations in Billbergia amoena was slightly different: N> K> P (Table 2) . This same pattern occurred for vascular epiphytes in Tropical Moist Forest in Taiwan (Hsu et al., 2002) and in a Tropical Forest in Colombia (Hofstede et al., 1993) . However, in a Tropical Forest in Costa Rica this order in litter of vascular epiphytes was: N> P> K (Nadkarni & Matelson, 1992) .
There was variation among bromeliad species in terms of nutrient concentrations. Billbergia amoena and Neoregelia cruenta had the same average concentration of N, which was 1.5 times higher than in Quesnelia quesneliana. The average concentration of P in Neoregelia cruenta was 1.2 and 1.5 times higher than in Billbergia amoena and Quesnelia quesneliana, respectively. However, in these latter species the average concentration of K was 1.9 and 7.9 times greater than in Neoregelia cruenta and Billbergia amoena, respectively (Table 2) . Table 2 . Mean values 1 of nutrient concentrations and contents in aboveground biomass of the bromeliad species studied in dune forest at Restinga da Marambaia, Rio de Janeiro, Brazil. Tabela 2. Valores médios 1 de concentração e conteúdo de N, P e K na biomassa aérea das espécies de bromélia estudadas em floresta sobre duna na restinga da Marambaia, Rio de Janeiro, Brasil. The average N content was approximately 1.1 and 8.4 times higher in Quesnelia quesneliana than Neoregelia cruenta and Billbergia amoena, respectively. The same occurred for P, which was 1.1 and 10.5 times higher, and K, which was 139.5 and 3.2 times higher in the aboveground biomass of Quesnelia quesneliana compared to Neoregelia cruenta and Billbergia amoena, respectively (Table 2 ).
Species
Concentration
Content
This scenario indicated that Neoregelia cruenta presented high concentrations of N and P, and intermediate of K. In Billbergia amoena occurred high concentrations of N, intermediate concentrations of P and lower concentrations of K. In Quesnelia quesneliana were observed lower concentrations of N and P, but also the highest concentrations of K. Nevertheless, the decreasing order of species in terms of nutrient contents was: Quesnelia quesneliana > Neoregelia cruenta > Billbergia amoena. This same order was verified for the aboveground biomass. Therefore, the content of nutrients stored in bromeliads was mainly influenced by the amount of biomass, and not by the concentration of nutrients.
Epiphytic bromeliads obtain nutrition resources by intercepting through fall and stem flow in forests (Lang et al., 1976) . The rosettes funnel-shaped form of bromeliads "tank" that store rain water and also intercept nutrients from the atmosphere and from litter fall of others plants and animals associated with bromeliads, allow the accumulation of nutrients that are directly available for them (Larcher, 2000) . It is probably that the litter fall from trees trapped inside the tank of terrestrial bromeliads is decomposed more rapidly than in the soil of the dune forest at Restinga da Marambaia, due to the greater quantity and diversity of microbial decomposers within this structure (MG Pereira, unpublished data) . This fact directly contributes to greater availability of nutrients to terrestrial bromeliads from the area of the present work.
These uptake mechanisms of nutritional resources may explain the high concentration of nutrients in bromeliads aboveground biomass, despite their reduced biomass (Hsu et al., 2002) . Thus, these plants increment the pool of nutrients in forest ecosystems (Oliveira, 2004) .
The importance of the epiphytic plants in Tropical Forests nutrient cycling, including bromeliads, has been studied in a few forest ecosystems. Although the biomass of epiphytic plants have corresponded to only 2% of the total aboveground biomass, the contents of N, P, K, Ca and Mg was high and ranged from 21% to 43% of the total content of nutrients in the total leaf biomass due to their high concentrations in the leaves, and their biomass have corresponded to 43% of the total leaf biomass in a Tropical Rain Forest in Taiwan (Hsu et al. 2002) .
Similar results were observed in a Tropical Rain Forest in Costa Rica, where the biomass of epiphytes accounted for only 0.5% of the total aboveground biomass but, because the biomass of epiphytes have been equivalent to 30% of the total leaf biomass, compared to this, the first stored up to 45% of total contents of N, P, K, Ca and Mg in total leaf biomass of the forest (Nadkarni, 1984) . Litter of epiphytic bromeliads presented higher concentration of N, P, K, Ca and Mg than the total litter fall at Parque Estadual da Ilha Grande, State of Rio de Janeiro (Oliveira, 2004) .
Thus, epiphytic bromeliads contributed with approximately 5.4%, 4.8% and 18.7% input of N, P and K, respectively, via total litter fall, despite its relatively low litter production, only about 3.1% of total litter fall in Atlantic Forest (Oliveira, 2004) . However, the importance of epiphytes in nutrient cycling is practically restricted to primary forests, where their biomass is between 40 and 100 times higher than in secondary forests, as demonstrated in Tropical Forests in Costa Rica (Nadkarni et al., 2004) .
The role of terrestrial bromeliads in nutrient cycling may be compared to epiphytic bromeliads, according to numerous ecophysiological similarities between these groups, as attested by an extensive review (Martin, 1994) . The mineralization of N, P, Ca and Mg from bromeliads litter was slower than that observed for the trees litter fall, despite the relative higher nutrient concentrations in bromeliads biomass than in that of trees, in a Tropical Rain Forest in Costa Rica (Nadkarni & Matelson, 1992) . This fact is due to the decreased activity of decomposing fungi in soil caused by the organic matter from bromeliads, according to results obtained for the terrestrial Bromelia pinguin L. in Lowland Tropical Forests in Costa Rica (Looby & Eaton, 2014) .
Several mechanisms are particularly well developed in tropical forest ecosystems in oligotrophic sites for capturing and retaining nutrients in the system (Herrera et al., 1978; Jordan, 1991) . In plant communities that colonize sandy low fertility substrate in dunes, most part of absorbing roots (> 75%) are concentrated in the upper soil layers and the mineralization of organic matter occurs slowly, revealing nutrient conservative mechanisms in these ecosystems (Conn & Day, 1993) . The slow mineralization of litter causes slow pulses of nutrient in the soil so that these elements may be promptly obtained by other plant species, reducing losses in the ecosystem.
This role may be attributed to bromeliads in the forest dune at Restinga da Marambaia, where field observations indicated the widely presence of fine roots of trees and shrubs near the soil surface, involving the bases of bromeliads. In this ecosystem, it was found higher concentrations of P, K, Ca and Mg in topsoil under Neoregelia cruenta than in the soil in an adjacent area with bare soil (Pereira et al., 2005) . Therefore, the important presence of terrestrial bromeliads in the herbaceous layer of the forest in the study area suggests that these plants have an efficient nutrient cycling. For this reason, bromeliads act as "catalysts" organisms of nutrient dynamics in these vegetation types. Thus, the study of the bromeliads contribution in nutrient cycling presents a new investigative axis for understanding the maintenance of forest systems in Restingas.
CONCLUSIONS
1) Almost all of the bromeliad aboveground biomass was composed of leaves. Quesnelia quesneliana presented the highest biomass due to higher number of green and dead leaves, and the lowest biomass occurred in Billbergia amoena due to lower mean values for all allometric variables.
2) Diameter and height were the variables that best correlated with the aboveground biomass in Q. quesneliana and total number of leaves was the variable that best correlated with the aboveground biomass in B. amoena and Neoregelia cruenta.
3) In general, the concentration of nutrients in aboveground biomass of bromeliads followed the descending order: K> N> P. The highest concentrations of N and P were observed in N. cruenta, and K in Q. quesneliana. The lowest concentrations of N and P occurred in Q. quesneliana, and K in B. amoena. 4) Nutrient contents were determined mainly by the amount of aboveground biomass. The greatest potential for nutrient storage occurred in Q. quesneliana and the lowest in B. amoena.
